Abstract
Introduction
As today's business reality is characterized by illstructured, complex, and intangible management problems, work is increasingly carried out by teams of individuals [1] , [2] . The potential of teams to solve such problems lies in the diversity of its member who contribute with their different backgrounds, knowledge domains, and expertise [3] . This potential has been acknowledged for various ill-structured management problems such as strategic management [4] , [5] information systems development [6] , [7] and new product development and service design [8] , [9] , [10] , [11] .
Collaboration is heavily mediated by tools and objects that are used by teams for the purpose of managing this diversity [12] . Therefore, there has been extensive research on collaborative tools and systems in disciplines such as Information Systems [13] , Organization Studies [14] , and Computer-Supported Cooperative Work [15] . Such tools can take on many forms such as conceptual models, procedures, material artifacts, and information systems. Most contributions of these research strands resulted in collaborative tools and systems that facilitate the creation of a shared understand rising between diverse individuals (e.g., [16] , [17] , [18] ) facilitate communication and information exchange [19] support synchronous and asynchronous coordination between individuals (e.g., [20] , [21] ), and enhance group creativity (e.g., [22] , [23] ).
While these tools have proven valuable to facilitate the process of collaboration, they do not directly support individuals in solving specific management problems. These tools are not tailored to the resolution of a certain classes of problems but have generic supportive functions. For example, when teams face the illstructured problem of executing and coordinating a plan of actions, they use a collection of objects and tools to solve it [24] as there is no tool that is specifically dedicated to that problem. The reliance on such a collection of objects and tools is not as effective and practical as relying on one tool and it increases the risk of divergence within team members [25] .
In parallel, a survey conducted by Rigby & Bilodeau [26] outlined that the tools most used by practitioners are tools that are dedicated to specific problems such as Total Quality Management, project planning, or strategic analyses. However, these tools remain analytical and even though they can be used by multiple individuals, they do not necessarily support a collaborative problem-solving and design approach which is crucial when teams face ill-structured problems ( [27] , [28] ).
In this paper, we seek to bridge both these conceptions of tools by asking the following question: How to design collaborative tools that are tailored for specific ill-structured problems?
We contribute to this question by proposing three design principles that lay the foundations for designing tools that support teams in collectively solving specific ill-structured problems. To do so, we performed longitudinal participant observation of the design process of two cases of such tools: (1) the Business Model Canvas that helps teams collectively solve strategic and business modeling problems and (2) the Team Alignment Map that supports teams in collectively solving the problem of coordination and execution. We use the cases as illustrations, because both were initially conceptual models for the specific problems they address and have iteratively been evolved into paper-based collaborative tools. Understanding the foundational principles of such collaborative tools allows us to build a solid ground from which future Computer-Aided Design (CAD) tools could be developed
Literature review: Tools in collaboration
Management is increasingly organized around teams solving ill-structured problems such as information systems development [6] , [7] , strategic management [29] , [5] , project scope definition [30] , knowledge management [31] , new product development and service design [8] , [9] , [10] , [32] work organization and coordination [33] , [2] , and customer journey design [34] , [35] . These problems are complex to solve as they are illdefined, difficult to frame, have ambiguous or unstable requirements, have various potential solutions, are often intangible and involve multiple and different stakeholders [36] , [37] , [38] . There is often limited consensus as of the appropriate solution, disagreement on how to proceed and no clear formulation of the problem itself [39] .
Teams make use of a variety of tools and objects to augment their capabilities when navigating through such complexity [23] , [12] , [40] . Collaborative tools support collaboration by serving different purposes such as directing information sharing, augmenting the team members' capabilities to carry out certain tasks, directing and aligning work, enhancing inquiry and idea generation, guiding the perception and understanding of the problem at hand, motivating participation and cooperation [23] , [14] , [41] .
Teams make use of such collaboration-support capabilities by using a collection of tools when solving ill-structured problems [24] . Depending on the stage of problem-solving they are in, team members use different configurations of tools [42] , [40] . Some objects and tools will be used when framing the problem such as those that help teams create a shared understanding of their situation and revealing the interdependencies between team members while others will be used when solving the problem by helping them organize activities and coordinating their contributions [41] . However, Seidel and O'Mahony [25] , found that using different tools and objects for solving a problem might lead to disunity within the team and ineffective collaboration as different objects create different understandings and representations, especially if they are not used by all team members across time.
Teams also use problem-support tools that address specific management problems. Such tools are in the form of conceptual artifacts that guide practitioners' reflection (e.g., the SWOT analysis, the strategic alignment model). However, these tools remain purely analytical and are not designed for collaborative use which proves problematic in the context of ill-structured problems which require collaboration of diverse individuals [27] , [43] .
These two strands of research suggest that there is a need for practitioners to use tools that both support collaboration and help them solve specific ill-structured problems. These needs have led to a recent generation of tools that guide collaboration for specific illstructured problems that were inspired by the Business Model Canvas [55] . Such tools reconcile both streams of research on tools -those that focus on collaboration support and those that focus on management problemsand propose a paradigm shift.
Tools such as the Project Canvas [44] or the Customer Journey Mapping Game [45] reuse the visual aspects of the Business Model Canvas in which dimensions of a problem are displayed as empty boxes that team members collaborate to fill using sticky notes. Except for the Business Model Canvas, it is not clear how theoretically and conceptually sound their components are as they have mostly been designed only by business practitioners. This proves problematic as these components shape how team members frame a problem, which might lead to ineffective problemsolving. In other words, we need design principles which would support the rigorous design of such tools. Therefore, the following question arises: How to design collaborative tools that are tailored for specific illstructured problems?
Methodology
To answer our research question, we relate two case studies [46] of the design process of two collaborative tools that support collaboration for two specific illPage 401 structured management problems: the Business Model Canvas for strategy and business modeling and the Team Alignment Map for coordination and execution.
Both tools represent critical cases as they are among the few representative examples of the collaborative tools that our research questions target and were designed based on theoretically sound and rigorous academic works. Moreover, both tools have attracted considerable interest by practitioners. The Business Model Canvas is used by more than 5 million people globally [47] and is arguably a quasi-standard in the field [48] .The Team Alignment Map was developed in June 2016 and has since then attracted more than 400 requests for proposals and training.
The selection of these cases was also motivated by their potential for replication [49] as there are extensive similarities and differences between the two cases ( Table 1) . The cases are similar in that (1) both tools are collaborative, (2) they address ill-structured management problems, (3) were part of design science research projects, (4) their design and evaluation involved strong implication and participation of endusers and practitioners in the design and evaluation of the tools, and (5) the tools are similar in their use. The cases are different in that (1) they do not address the same problems as one focuses on business modeling while the other is tailored to coordination and alignment, and (2) they were developed independently by two different teams.
Data on the design process of both tools was collected through participant observations and a total of 10 interviews with the co-designers. The observation ranged from September 2008 to November 2010 for the Business Model Canvas, which consists of 470 hubs and from September 2013 to this date for the Team Alignment Map. Our observation also covers the periods before the design of the tools which allowed us to gather data on intermediary instantiations and artifacts that led to the current versions of the tools.
The data analysis was performed by comparing the design process of both tools. Similarities in the design and the properties of the tools allowed us to define an initial set of design principles for developing collaborative tools that address specific ill-structured problems. These principles were then refined by taking into account the differences of the cases. Design principles "define the structure, organization, and functioning of the design product or design method" [50] .
As suggested by [51] , design principles can be validated by evaluating the artifact from which they were drawn. We followed their guidelines and evaluated the tools' usefulness, efficacy, and usability. Moreover, [52] and [53] suggest that the demonstration of rigor in design can be evaluated through case studies.
Cases descriptions and evaluations
In this section, we describe both cases by outlining the purpose of the two tools. We also relate the evaluation of the tools.
The Business Model Canvas
The Business Model Canvas is a tool for business model development [54] .The Canvas defines business models to consist of nine components, and presents these components through a visual template in the form of a paper-based F1 poster to facilitate generating and communicating business model ideas. In practice, the Canvas has become the quasi-standard for describing business models [50] .
The Business Model Canvas is seen as essential for entrepreneurs to keep a constant reflection and for developing their business model [55] . Some go further by stating that the Business Model Canvas is arguably the most important tool for this purpose [7] . Moreover, the tool has attracted tremendous interest in practice as the designers of the tool state that more than 5 million of the tool were made globally [47] . The impact of the Canvas is not limited to practice as the book describing the tool has been referenced by more than 5,000 academic studies according to Google Scholar.
Adding to that, Trimi and Bergebal-Mirabent., [55] also states that the Canvas is useful for collaboration, as it facilitates communication among stakeholders, becoming the starting point of strategic discussion around the business activities of the company.
The Team Alignment Map
The Team Alignment Map is the most recent instantiation of a series of tools that are part of the same design science research project. These instantiations were all developed for the purpose of team coordination. All instantiations are based on Clark's psycholinguistic theory on joint activities [56] .
Previous instantiations were validated and published in an A-ranked IS journal and conference by the designers [57] , [58] . The Team Alignment Map was recently tested in ten teams with seven informants, four of whom were project managers and three were coaches supporting the team.
The Team Alignment Map was perceived by the seven interviewees as easy, simple, and straightforward to use, hence providing evidence for the ease of use of the tool.
All informants considered the tool as useful for their teams to co-design their coordination as it allowed everyone to take part actively in the discussions on the four dimensions. One informant reported that using the Map "is not so much filling it out and assigning roles and responsibilities to people. It's more 'okay here are the main points we need to make sure that we cover'"
Using the tool led all teams to conclude on a social contract on the four elements of their joint activity. One informant defined the Team Alignment Map as "some sort of contract where everyone is saying 'Okay, I commit to this'. It's in writing, it's in front of us".
Moreover, five out of seven informants said that he tool easily allowed them to prototype different versions of the Team Alignment Map as sticky notes were easy to add, remove, and amend.
Overall, all the informants regarded the Team Alignment Map as useful for co-designing coordination.
Cases analysis
We analyzed data from the development process of both tools. Based on the similarities and the differences between the two, we derive three design principles that should inform the design of collaborative tools that support teams in solving specific ill-structured management problems (Table 1) . Hereafter we describe the three design principles and illustrate how we derived them by describing the development process that took place for both tools.
Design principle 1: Framing the illstructured problem through an ontology
The first design principle aims at framing the illstructured problem by developing an ontology with all its elements and their relationships. Ontologies allow to better define a problem as well as its underlying concepts and relationships. As stressed by [38] , the most important and difficult task in a Development of a conceptual model translated from Clark (1996)'s theory on coordination.
Design principle 2:
Represent the ontology into a shared visualization by deriving a concept map from the ontology and structuring the concepts logically into a visual empty problem space.
Transforming the Ontology into the Business Model Canvas, by deriving the most important concepts from the ontology and placing them into a visual space.
Development of several visual artifacts (cards, mobile application and maps) that were tested by users. The Map with blank spaces to allow users to fill them during their meetings.
Design principle 3:
Instantiate the visualization into a shared support in order to use it as a problem space on which solutions can be prototyped. Sticky notes are used to add, remove or change the content within each empty space as the discussion unfolds.
The authors propose to print the paperbased tool on a big format and to write all the possible solutions for the problems on sticky notes that will then be placed on their corresponding problem space.
The authors propose to print the paperbased tool on a big format and to write all the possible solutions for the problems on sticky notes that will then be placed on their corresponding problem space. problem-solving activity is to provide structure to a problem when there is none apparent. Among the multiple means to structure a collaborative problem, ontologies have long been used and proven valuable when designing artifacts [59] , [60] . It provides participants with a collective frame to understand all the elements they need to think of and discuss for a given illstructured problem [61] . Based on this structure, participants can envision and collectively generate different solutions. Thus, ontologies reduce conceptual and lexical confusion by providing a unifying framework within an organization [62] .
The first step of the development of the Business Model Canvas started with Osterwalder's thesis [62] and a first article [63] in which Osterwalder and Pigneur tried to understand how business models could be described and represented so that tools and concepts could be developed for business modeling. To tackle this question, they designed a rigorous conceptual model of business models, which they called the Business Model Ontology (BMO). The goal of this ontology was to define the main components of business models and their relationships.
To develop BMO, Osterwalder and Pigneur [63] followed Uschold & King's [64] methodology for building ontologies: (1) they identified the key concepts and relationships in the domain of business models, (2) they produced precise and unambiguous text definitions for the concepts and their relationships, (3) they identified the terms to refer to these concepts and relationships using labels. By following this process, they identified nine elements (or building blocks) for the business model ontology, which they represented as a set of boxes which were related by arrows to depict their relationships. Figure 1 shows this representation of the different elements and how they relate to each other. The nine building blocks all result from an extensive literature review.
The design of the Team Alignment Map started with a study published in an A-ranked journal in IS.. The aim of the study was to develop an ontology for team coordination based on Clark (1996)'s theory on joint activities and coordination. The goal was to instantiate his theory into a set of cards that project managers could use as visual support during their team meetings to remember the main elements they should discuss for them to coordinate effectively.
The development of the Team Alignment Map's ontology was also based on prior literature. This ontology proved valuable as it addressed the content of conversations, unlike other accounts of coordination that focus on organizational design or implicit coordination [41] .
Design principle 2: Representing the problem structure into a shared visualization
The second design principle consists of developing a visual representation of the ontology that is shared by all participants so that they can all refer to the same structure of the problem.
Design principle 2: Represent the ontology into a shared visualization by deriving a concept map from the ontology and structuring the concepts logically into a visual empty problem spaces.
Shared visualization focuses everyone's attention on a common frame. It helps avoid ambiguities in the discussion and how the problem is framed and understood between the stakeholders [65] , [66] . If the stakeholders use the semantics of the display to configure their discussion, they decrease the risk of semantic confusion and ambivalences [67] . The benefits of visual templates, as compared to purely textual or verbal communication modes, are to be found in their structure, which offers a "representational guidance" [61] .
The Business Model Ontology was instantiated into a shared visual tool, i.e. the Business Model Canvas [54] (Figure 2) . The most important components unfolded during the ontology development were kept. The relationships were used to set the order of the different components. A conceptual map was built upon the ontology, to relate all the concepts. The conceptual map was the basis to the structure of the visual instantiation. Concept maps have an additional level of abstraction compared to ontologies which makes them less complex to understand and use. The Canvas was designed by the authors, having in mind the ontology (i.e., the main concept and their relationships) but also the goals of the instantiated tool. These goals included (1) the business model tool should help business practitioners understand a business model and the relationships behind its elements more quickly, and (2) it should create a common language to improve communication between the stakeholders when addressing business model issues [68] . One of the hypotheses behind these goals was that a visualization tool would improve the quality of communication between stakeholders and allow them to co-design business models more easily.
For the Team Alignment Map, Clark's terminology was deliberately translated into shorter concepts in order to ensure the parsimony of a conceptual map. The ontology of the Team Alignment Map was instantiated into several artifacts among which a set of cards, a web application, and the Team Alignment Map. These intermediary artifacts were tested in different organizations and settings [57] , [58] . Results of the study showed that repeated use of the cards during by the project manager during team meetings to direct the content of the team's discussions helped reduce coordination breakdowns and proved helpful for teams to align their contributions effectively.
Despite that, the designers of the tool received extensive feedback from users who stressed their willingness not only to have visual support during team meetings, but rather have a tool that would allow all team members to define the content of the four dimensions by filling them with elements. Therefore, the current version of the tool represents the four dimensions of the ontology as four empty spaces on a printed F1 poster, ranging from left to right as they should be addressed in this order during conversations (Figure 3 ).
Design principle 3: Using the shared visualization for co-design
The third design principle consists of using the to codesign a solution to their ill-structured problem. Codesign is an iterative process of inquiry and co-creation in which team members tap on their diverse set of knowledge, experiences, and insights to create an artifact -be it conceptual or material -that participates in solving their common problem [69] , [70] , [32] . The shared visualization thus acts as a shared problem space for collective contributions.
Design principle 3:
Co-design has several benefits to address illstructured management problems: it allows teams to make use of their diversity to generate better ideas, it promotes a trial-and-error approach to solving the problem, and it increases the level of commitment and satisfaction with the solution [32] .
Because the Business Model Canvas aims at helping users co-design business models, its designers have instantiated the nine elements of the business model ontology as building blocks on a shared large print paperbased canvas. As the Canvas is visualized by all participants, the nine building blocks provide a structure for group reflection and discussion in which all participants actively and collaboratively participate. Each block is depicted as an empty space that users discuss and fill with sticky notes on which they write elements of the solution of the organizations' building blocks. The sticky notes can easily be added, amended, or removed as the group discussion and reflection unfolds. The tool supports co-design as it allows team members to jointly discuss and define the business model problem they face, and discuss and explore alternative solutions, as has been identified by Steen [11] .
For the use of the Team Alignment Map, the designers relied on some users' insights and on the theoretical accounts of coordination [33] and [2] and also decided to prescribe the use of the tool with co-design techniques. In fact, team coordination is an iterative and discursive process when individuals need to coordinate for new joint activities or when problems occur [33] . The co-design technique that is promoted and prescribed is collaborative design and prototyping using sticky notes. Team members thus display the Team Alignment Map either in the same meeting room in collocated settings or as a shared document during online meetings. All participants write what they think are the joint objectives, commitments, resources, and risks on sticky notes. Participants then aggregate all their ideas and evaluate them during open discussions where they negotiate which elements to keep, add, remove, or amend. They prototype their coordination until a mutually satisfactory solution is reached.
Discussion
The question we asked in this paper related to how to design collaborative tools that are tailored to specific ill-structured problems. Our results answer this question by advising designers how to develop such tools.
More specifically, we suggest that ill-structured problems would benefit from being well-framed and solved collaboratively. We can do so by using an ontology that defines the components of the problem and their relationships. This ontology should then be instantiated into a shared visualization where components are represented as empty spaces and arranged according to their relationships. This allows individuals to fill the empty spaces with elements of the solution they are co-designing. Using sticky notes can prove practical as it allows team members to easily fill the columns and remove or amend any elements as they develop better alternatives or point out at inconsistencies. This supports the trial-and-error inquiry that characterizes co-design [54] , [11] .
As all participants all share the same visualization of the problem and the sticky notes, which represent the same solutions, they can easily assess the components of the given problem and address any potential inconsistencies. They can also model different solutions on the same visual representation and compare them. In summary, the shared representation supports participants in discussing, analyzing and generating ideas when co-designing solutions to ill-structured problems.
While visualization can take on different forms [71] our cases inform that visualization and the way the tool is to be used are interrelated. In both cases, the designers opted for a shared visualization in which concepts are depicted as empty spaces so that team members could use them as problem spaces in which they can co-design solutions. This visualization type has also been noted by Comi & Bresciani [72] as valuable for designing solutions to problems. We consider this type of shared visualization to be the differentiating point between both cases and the other collaborative tools that we outlined in the literature review. The two cases also inform us on the need for parsimonious visualization to ensure easeof-use. Designers then need to find a balance between the completeness of the ontology to be represented and
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parsimony. This balance can be reached through testing and evaluation with practitioners.
We also note from our cases that developing ontologies requires considerable effort and inquiry. However, it is important that the ontologies be rigorously developed and tested to ensure that the problem is correctly represented. Designers can follow the guidelines by Gomez-Pérez [73] who advises that ontologies be assessed for their consistency, completeness, and conciseness. We stress the importance of this part as problem representation is the most critical part in problem-solving [74] . Both our cases had different strategies for developing their ontologies as the Business Model Ontology was developed by the designers of the tool based on an extensive literature review, whereas because the field of collaboration was already more mature, the ontology of the Team Alignment Map was derived from Clark's theory on coordination.
Moreover, our study informs on the need for evaluation. Both the Business Model Canvas and the Team Alignment Map were tested and evaluated iteratively: first for their ontology, then their visualization and finally the techniques of usage. The evaluation was also done in different settings and contexts. Feedback from practitioners helps refine the tool as long as its usefulness, usability, and efficacy are not satisfactory.
Finally, our design principles cannot substitute for one another. The three design principles are to be considered by designers as fundamental requirements for designing such collaborative tools. In fact, our design principles appear to be extensively interrelated and their value cannot be decomposed: they participate in creating valuable artifacts only when combined. To some extent, these principles could be regarded as the bridge between both strands of collaborative tools that we outlined in the literature review, i.e. those that support collaboration and those that are tailored for specific management problems.
Conclusion & Future Work
Our paper is to be regarded as the initial step toward the generation of a "toolbox" to help management teams co-design solutions mostly but not exclusively to illstructured problems. This toolbox could address a variety of problems in which each problem would have a tool dedicated to it. It is important to note that this toolbox would not imply that all other collaborative tools would be replaced, rather that it would come in support whenever teams face specific problems. In the case of well-structured problems, there already exists classical, rational decision making tools. But design thinking approaches are becoming increasingly popular even for well-structured problems. Thus, we could also imagine a new generation of tools for these types of problems, even though it is less needed. [8] The two ill-structured problems we presented are not specific to one organization. Our design principles can thus be replicated across organizations. Therefore, our design principles could be replicated and tested for other ill-structured projects such as co-designing brand identities, business processes, or data quality management. In that regard, our paper assists the recent emergence of visually shared collaborative tools which have stressed the need for practitioners to have such tools.
We believe that the IS discipline has an important and central role to play in this endeavor. In fact, the cores of our three design principles -ontologies, shared visualization, co-design -have seen extensive developments but in different domains rather in isolation from one another. Ontologies have long been used in engineering and academic research. Visualization has received increasing interest in the business practice as the number of recent books on the subject illustrate it. Finally, co-design has recently emerged as a valuable approach to collaboration in innovation and design thinking. Through its recent tradition with design science research, the IS discipline is familiar with all three domains, i.e. engineering academic research, the business practice, and design thinking. We thus join Osterwalder and Pigneur's [27] conclusion on the potential for our discipline to provide management research and practice with collaborative tools for co-design.
These tools could also be in the form of ComputerAided Design. Such tools would augment management team's capabilities to co-design solutions to illstructured problems. This underlines the importance of first understanding the fundamental requirements and the spirit of such tools, which we started to formulate from paper-based tools.
We hope that our study will help both practitioners and researchers develop new tools that would instill a new way of managing and working. As various scholars have called for design in management [8] , [10] , we believe that tools developed based on our design principles can help practitioners adopt a design approach, even for those who are not familiar or trained with co-design.
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